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This report forms part of the study on the Rh phenotypes within
the various ethnic nationalities in the south-south region of Nigeria.
The aim is to demonstrate the Rh polymorphisms among the
people of African descent. The frequencies of Rh blood group
antigens and phenotypes of the Ibibio, Efik, and Ibo ethnic
nationalities in Calabar municipality, Nigeria, were determined
using standard serologic techniques. Of the 720 Calabar individuals
tested, the frequencies of the Rh antigens within the nationalities
were c (100%), e (96.38%), D (96.38%), E (15.22%), and C (3.62%)
for the Ibibios; c (100%), e (95.60%), D (96.70%), E (21.98%), and C
(0%) for the Efiks; and c (100%),e (94.29%),D (91.43%),E (28.57%),
and C (2.86%) for the Ibos. The overall frequencies of the Rh
antigens in these 720 individuals were c (100%), e (95.56%), D
(94.44%), E (18.89%), and C (2.78%). Forty (5.56%) were found to
be D–, while all were found to possess the c antigen. The most
frequently occurring Rh phenotype was Dccee,with a frequency of
73.61 percent. The alternative allele, C, did not appear in
homozygous form (CC) in the population tested. This study further
demonstrates the variability of Rh blood group phenotypes in
Nigeria and Africa. Immunohematology 2005;21:21–24.
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A total of 29 blood group systems have been
recognized by the ISBT Working Party on Terminology
for Red Cell Surface Antigens.1 Rh remains the most
complex and polymorphic of the blood group
systems.2,3 Antibodies developed against these antigens
have been known to cause HDN.4–6 In addition, the
distribution and frequencies of these antigens have
been known to vary between racial groups.2,3,7
Nigeria is a multiethnic country whose peoples
include the Ijaws, Ogonis, Ikwerres, Ibibios, Ekpeyes,
Annangs, Itsekiris, Binis, Urhobos, Isokos, Yorubas,
Hausa/Fulani, Ibos,Tivs, Jukuns,and Efiks.8 Among these
ethnic nationalities, the Rh blood group phenotypes 
of the Yorubas (Western Nigeria), Hausa/Fulani
(Northern Nigeria), and Ibos (Eastern Nigeria) have
been reported.9–11 In a recent study conducted in Port
Harcourt (South-South Nigeria), the Rh phenotypes of
the four main ethnic groups, Ijaws, Ikwerre,Ekpeye,and
Ogoni,were reported.12 There are no published data on
the Rh phenotypes among other ethnic nationalities in
the south-south region of Nigeria.
In this report, the Ibibio, Efik, and Ibo ethnic
nationalities in Calabar, Nigeria, were randomly
selected for study and their Rh phenotypes
determined. It is hoped that the data generated from
this study will provide information on the Rh antigens
and phenotype frequencies of the ethnic nationalities
of the people of South-South Nigeria. Also the study
seeks to demonstrate the variability and polymorphism




A total of 720 persons of both sexes and of various
ages and ethnic backgrounds randomly selected from
patients and donors at the University of Calabar
Teaching Hospital (UCTH); the staff of UCTH; students
at the School of Medical Laboratory Sciences, UCTH,
Calabar; and students of Holy Child Secondary School;
all in the Calabar metropolis, were recruited into the
study. The study population consisted of three ethnic
nationalities: Ibibio (276), Efik (182), and Ibo (70). The
remaining 192 were people of other groups in Nigeria.
Serology
Venous blood (2 mL) was collected from each of
the 720 persons into EDTA tubes. RBCs were pheno-
typed for D,C,E,c,and e antigens according to standard
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serologic protocols (tube method)13 with an IgM anti-D
MoAb (IG 1017) and IgM MoAbs specific for C (AC
2207), c (RH 1268), E (ME 093), and e (AE) 3080
(BIOTEC, Ipswich, Suffolk, UK). Albumin 30% (RE
2728) and an anti-CDE MoAb (CDE 490) were also
used. Six tubes were arranged in a row and labeled
anti-D, –C, –E, –c, –e, and autocontrol. Two drops of
antisera and one drop of a 5% washed RBC suspension
were added to each tube. This was followed by
incubation at 37°C for 30 minutes. At the end of 30
minutes, the tubes were centrifuged and the
agglutination was read macroscopically. All of the
negative results were confirmed microscopically. Anti-
CDE, albumin, and antihuman globulin (AHG) tests
were used as controls and for weak D determination.
To determine the presence of weak D antigen, one
drop of anti-CDE reagent and one drop of the RBC
suspension were added to a labeled test tube and
incubated at 37°C for 30 minutes. Agglutination was
read macroscopically and confirmed microscopically.
In the final stage, bovine albumin was added to the test
and further incubated at 37°C for 30 minutes. At the
end of the incubation, the test was washed three times
with 0.9% physiological saline. The RBC button was
resuspended and one drop of AHG reagent was added.
Agglutination at this stage confirmed the presence of
weak D antigen.
Statistical method
We calculated allele frequencies under the standard
assumption of a Hardy-Weinberg equilibrium, using the
counting method of Cepellini et al.14 Frequencies of
the Rh antigens were obtained using chi-square
analysis. Results were expressed as a percentage.
Results
Seven hundred and twenty individuals of both
sexes and of various ages residing in the Calabar
municipality in South-East Nigeria were randomly
screened for the presence of Rh antigens.
Table 1 shows the frequency (%) of the five Rh
antigens in the population. The c antigen was found to
have the highest frequency (100%), followed by e and
D antigens (95.56% and 94.44%, respectively). The E
and C antigens were found to have the lowest
frequency in the population (18.89% and 2.78%,
respectively). The Rh phenotype frequencies in the
population are as shown in Table 2. Seven phenotypes
were found to occur in the population, the most
common being Dccee (73.61%). Ccee was the most
rare phenotype in the population (0.28%). Of the 40
subjects that were D–, 38 were ccee, while only two
were Ccee.
Table 3 shows the occurrence of the Rh antigens
and the probable genotypes in the populations studied.
It is noteworthy that apparent homozygosity for cc, ee,
and EE genes is found in 97.22 percent, 81.12 percent,
and 4.44 percent of the population, respectively.
Apparent homozygosity of C was not found among the
samples tested. Weak D antigen was not encountered
in this study. Variant e+ phenotypes such as hrS– and
hrB– phenotypes and the r´S phenotype with altered C
expression could not be tested for.
Table 4 shows the distribution of the Rh antigens in
the three main groups in Calabar. The c antigen was
present in every individual irrespective of his or her
ethnic nationality. The e antigen has a very high
Table 1. Rh antigen frequency of the 720 Calabar participants
Rh antigen Number positive (%) Number negative (%)
D 680 (94.44) 40 (5.56)
C 20 (2.78) 700 (97.22)
E 136 (18.89) 584 (81.11)
c 720 (100) 0
e 688 (95.56) 32 (4.44)
Table 2. Probable Rh phenotypes and most probable genotypes of the
720 Calabar participants
Probable Rh Most probable
phenotype Number positive (%) genotype*
Dccee 530 (73.61) (R0R0)
DccEe 100 (13.89) (R0R2)
ccee 38 (5.27) (rr)
DccEE 32 (4.44) (R2R2)
DCcee 41 (1.94) (R0R1)
DCcEe 4 (0.56) (R0Rz)
Ccee 2 (0.28) (rr1)
*Obtained from Calculator for Rh genotype determination, Ortho-Clinical diagnostics,
Raritan, New Jersey
Table 3. RH genes and their occurrence in the 720 Calabar participants










*d denotes absence of functional RHD gene.
}
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frequency within each of the three groups. The highest
frequency (96.38%) was recorded for the Ibibios, while
the lowest (94.29%) was recorded for the Ibos. None
of the Efik subjects had the C gene and very low
frequencies of 2.86% and 3.62% were recorded for the
Ibo and Ibibio subjects, respectively.
Discussion
This report forms part of the study on the Rh
phenotypes within the various ethnic nationalities in
Nigeria. The aim of the study was to demonstrate the
ethnic variations of the Rh antigens and how
polymorphic the Rh blood group can be in Nigeria.
The results obtained in this study were dependent on
the genetic constitution of the individuals tested and
not on sex, age, or disease conditions. All the subjects
resided in Calabar, which is the administrative head of
the then South-East Nigeria (now split into Cross Rivers
State and Akwa Ibom States) with Ibibios, Efiks, and
Ibos as the main ethnic groups.
In this study, the c antigen was detected in all
subjects (100%) and the results show that 97.22
percent of the 720 persons tested were homozygous
for c. There were no c– individuals recorded, so the
possibility of HDN due to anti-c in this population is
minimal when viewed against the report of Frazer and
Tovey,15 where 12 percent of the cases of HDN in
Southwest England were due to anti-c. We had
expected anti-C to occur more frequently in this
population: only 2.78 percent were found to possess
the C antigen in single dose. It is interesting to observe
in this study that none of the 182 Efiks enlisted in this
study possessed the C antigen. This may be of great
importance in anthropological studies of the Efik
ethnic nationality. The frequency of the c antigen in
this study is quite similar to the 99.8 percent frequency
obtained recently in Port Harcourt.12 There is,
however, a marked difference in the occurrence of the
C antigen, i.e., 17.7 percent was recorded in the Port
Harcourt population.12 Previous studies in Nigeria
showed a frequency of 26.9 percent of the C antigen
among the Yorubas10 and 43.7 percent among the
Ibos.11 These values, when compared with the 2.78
percent frequency of C antigen in the Calabar
population, demonstrate a wide variation in the
frequency distribution of Rh antigens within various
ethnic groups in Nigeria. In addition,Worlledge et al.10
reported that 40 (25%) Rh D– Ibo donors at UCH
Ibadan possessed the C antigen, whereas in Calabar
only 2.86 percent of 70 random Ibo subjects possessed
the C antigen. Various reports seem to support that c
is a high-frequency antigen in Nigeria (96.4% in Yoruba,
99.8% in Port Harcourt, 92.7% in Ibo, and 100% in the
Calabar population).10–12
There was a marked difference in the frequency of
the E antigen among the three groups. The highest
frequency (28.57%) was among the Ibos, with 21.98
percent and 15.22 percent among Efiks and Ibibios,
respectively, while 19.8 percent and 20.5 percent were
previously documented for the Yoruba and Port
Harcourt populations, respectively.10–12 With the low
frequency of the E antigen in Calabar, the possibility of
having individuals with naturally occurring anti-E
should be considered, because it could affect a major
crossmatch if the donor RBCs encountered are positive
for the E antigen.
Of the 40 (5.56%) D– individuals found in this study,
38 were of the phenotype ccee, while only two were
Ccee. None of the D– individuals were E+, suggesting
that E is usually present on the RBCs of D+ individuals.
The frequency of the D antigen in this study was 94.44
percent, very close to the Port Harcourt value of 95
percent. From calculations using the Hardy-Weinberg
formula, it was found that 61.8 percent of the D+
individuals were probably homozygous for the D gene
and will therefore pass on a D gene to each of their
offspring. Rh D– wives of such men have a greater
chance of having children with HDN due to anti-D. This
clearly contradicts the statement of Dacie and Lewis16
that the chances of being homozygous for D in Nigeria
are so high that every Rh-positive person must be
assumed to be homozygous for the D gene, because
only 61.8 percent of all D+ individuals in Calabar were
calculated to be homozygous for the D gene.
The Dccee phenotype was found to be the most
common in Calabar,with a frequency of 73.61 percent.
Results obtained from this study further
demonstrate the great variability of Rh antigens within
Table 4. Distribution of the Rh antigens within the three main ethnic
groups tested in Calabar 
Ethnic nationalities*
Number (%)
Rh antigen Ibibio Efik Ibo
c 276 (100) 182 (100) 70 (100)
e 266 (96.38) 174 (95.60) 66 (94.29)
D 266 (96.38) 176 (96.70) 64 (91.43)
E 42 (15.22) 40 (21.98) 20 (28.57)
C 10 (3.62) 0 (0) 2 (2.86)
*Only the frequencies within the three main ethnic nationalities were compared.
Minor groups were not included.
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the various ethnic groups in Nigeria. Differences in
Ibibio, Efik, and Ibo Rh phenotype frequencies are
further proof of Rh polymorphism in blacks. These
results are of both clinical and anthropological interest.
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